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CLAIMS 



1 LA method for removing an electrically conductive material from a 

2 microelectronic substrate, comprising: 

3 positioning ^ first conductive electrode proximate to the microelectronic 

4 substrate; 

5 positioning a sfecond conductive electrode proximate to the microelectronic 

6 substrate and spaced apart from the first conductive electrode; and 

7 removing the conductive material from the microelectronic substrate by passing 

8 a varying current through the first and second electrodes while the first and second electrodes 

9 are spaced apart from the conductive material of the microelectronic substrate. 

1 2. The method of claim 1, further comprising: 

2 engaging the microelectronic substrate with a planarizing medium while the 

3 microelectronic substrate is positioned proximate to the electrodes; and 

4 moving at least one of me microelectronic substrate and the planarizing 

5 medium relative to the other to remove\material from the microelectronic substrate by a 

6 chemical and/or chemical-mechanical process. 

3. The kiethod of claim 1 wherein the microelectronic substrate has a 
surface facing toward the first and second electrodes, further comprising: 

selecting the first and second electrodes to have a combined surface area facing 
toward the surface of the microelectronic substrate that is less than the area of the surface of 

5 the microelectronic substrate; and> 

6 moving at least one oftfie microelectronic substrates and the electrodes relative 

7 to the other while applying an electrical current to the at least one electrode. 

1 4. The meti^d of claim 1, further comprising disposing a Uquid and/or gel 

2 electrolyte between the electrodes and the microelectronic substrate. 
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1 5. The metlu)d of claim 1, further comprising disposing a dielectric layer 

2 between the microelectronic substrate and the first electrode. 



6. The method of claim 1, further comprising varying an amplitude and/or 

/ polarity of the cmrent at a first frequency and superimposing on the first frequency an 

3 amplitude variation having a second frequency less than the first frequency. 

1 7. The method of claim 1 wherein the microelectronic substrate has a 

2 planform shape, further comprising selecting the first electrode to have a planform shape 

3 generally similar to a first portion of me planform shape of the microelectronic substrate and 

4 selecting the second electrode to hav^a planform shape generally similar to a second portion 

5 of the planform shape of the microelectronic substrate. 

1 8. The method of claim 1 wherein the first and second electrodes define an 

2 electrode pair and the conductive material is a first portion of conductive material, and 

3 wherein the method further comprises: 

4 positioning a second electrode^pair proximate to the microelectronic substrate; 

5 and 

6 applying a varying current to thb second electrode pair to remove a second 

7 portion of conductive material from the microelectronic substrate. 

1 9. The method of claim 1 wherW applying a varying current includes 

2 applying at least one of a single phase and a multi-ph\se alternating current to at least one of 

3 the first and second electrodes. 

1 10. The meth^ of claim 1 wherein the microelectronic substrate has a 

2 surface facing toward the first and second electrodes, further comprising selecting the first 

3 and second electrodes to have a Combined surface area facing toward the surface of the 

4 microelectronic substrate that is approximately equal to the surface of the microelectronic 

5 substrate. ^ 
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11. The ^ethod of claim 1, further comprising controlling a rate at which 
the conductive material is\ removed from the microelectronic substrate by controlling a 
distance between at least onfltvof the electrodes and the microelectronic substrate. 



1 12. The mettidd of claim 1, further comprising controlling a rate at which 

2 the conductive material is rembved from the microelectronic substrate by spacing a first 

3 portion of the first electrode a ftfst distance away from a first region of the microelectronic 

4 substrate and spacing a second pWon of the first electrode a second distance away from a 

5 second region of the electrode withVhe first distance being different than the second distance. 

1 13. The method of clainH^fiirther comprising engaging the microelectronic 

2 substrate with a planarizing medimn^fi mowg at least one of the microelectronic substrate 

3 and the planarizing medium refetive re-flle other after applying an electrical current to the 

4 electrodes and without remj^ving the microelectronic substrate from a region proximate to the 

5 electrodes. 



1 14. The methoa of claim 1 wherein removing the conductive material by 

2 applying a varying current includ^sjiou^ening a surface of the conductive material to form a 

3 roughened region, further co^riW^me^^ the roughened region by engaging the 

4 microelectronic substrate with a planarizing medium adjacent to the electrodes and moving at 

5 least one of the microelectronic substra^ and the planarizing medium relative to the other. 

1 15. The method\of claim 1, further comprising: 

2 at least partially iiiirrersing the microelectronic substrate in a liquid electrolyte; 

3 moving portions of the electrically conductive material from the 

4 microelectronic substrate to the liquiaelectrolyte; and 

5 removing the portions frotn the liquid electrolyte. 



1 16. The me^thi 

2 conductive material to inc! 
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er comprising selecting the electrically 
gold, copper and/or platinum. 




17. The memS)d of claim 1, further comprising selecting an electrolyte 



2 adjacent to the microelectronic 



Substrate to include hydrochloric acid. 



1 18. The metnldia^jf'e^im 1, further comprising selecting a dielectric material 

2 between the microelectronic substrate and the electrodes to include Teflon™. 



1 19. The method of claim 1, further comprising: 

2 disposing a firsi quantity of an electrolyte between the conductive material and 

3 the electrodes only in a first region of the microelectronic substrate immediately proximate to 

4 the electrodes; 

5 moving the microelectronic substrate and/or the electrodes to align a second 

6 region of the microelectronic substrate with the electrodes; and 

7 disposing a second quantity of the electrolyte between the conductive material 

8 and the electrodes only in the secipnd region of the microelectronic substrate. 

1 20. The method oF claim 1, further comprising: 

2 disposing a first electrolyte adjacent to the first electrode; 

3 disposing a second electrolyte different than the first electrolyte adjacent to the 

4 conductive material of the microelecm-onic substrate; and 

5 at least restricting movement of the second electrolyte toward the first 

6 electrode. 



1 21. The method of claik 1, further comprising: 

2 generating a signal corresponding to a rate at which the conductive material is 

3 removed from the microelectronic substrate and/or an amount of conductive material 

4 remaining on the microelectronic substrate,\and 

5 controlling an interaction between the microelectronic substrate and the 

6 electrodes based on the input signal. 

22. The\method of claim 1, further comprising at least restricting contact 
between the first electroote and a liquid adjacent to the first conductive material of the 

[10829-85 15/ApplicatioiLdoc] \ -23- 




\ 

3 microelectronic substrate by disposing a dielectric film between the first electrode and the 

\ 

4 liquid. I 



1 23. A method for removing an electrically conductive material from a 

2 microelectronic substrate, comprising: 

3 positioning^a-^fi^t conductive electrode proximate to the microelectronic 

4 substrate; 

5 positionyig^ secondconductive electrode proximate to the microelectronic 

6 substrate and spaced apart froAthe first conductive electrode; and 

7 removing the conductive material from the microelectronic substrate by passing 

8 a varying current through the first^d second electrodes without contacting the first and 

9 second electrodes directly with the co^^ductive material of the microelectronic substrate. 



24. The method of claim 23, further comprising varying an amplitude and/or 
£ polarity of the current at a wst frequency and superimposing on the first frequency an 
3 amplitude variation having a second frequency less than the first frequency. 



1 25. The method of claim 23 wherein the first and second electrodes define 

2 an electrode pair and the conductive material is a fu-st portion of conductive material, and 

3 wherein the method fiirther comprised 

4 positioning a second electrode pair proximate to the microelectronic substrate; 

5 and \ 

6 applying a varying current Vp the second electrode pair to remove a second 

7 portion of conductive material from the microelectronic substrate. 



1 26. The method of claim 23, fiirther comprising: 

2 engaging the micrMlectom^ substrate with a planarizing medium while the 

3 microelectronic substrate is positiw^d Droxima^ electrodes; and 

4 moving at least ope^^^me niicroelectroriic substrate and the planarizing 

5 medium relative to the other. 
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1 27. Xte method of claim 23, further comprising: 

i 

2 disposing^ a first quantity of an electrolyte between the conductive material and 

3 the electrodes only in a first region of the microelectronic substrate immediately proximate to 

4 the electrodes; \ 

5 moving the microelectronic substrate and/or the electrodes to align a second 

6 region of the microelectronicVsubstrate with the electrodes; and 

7 disposing a second quantity of the electrolyte between the conductive material 

8 and the electrodes only in the second region of the microelectronic substrate. 

1 28. The method\)f claim 23, fiirther comprising: 

2 disposing a first elecnralyte adjacent to the first electrode; 

3 disposing a second electrolyte different than the first electrolyte adjacent to the 

4 conductive material of the microelectronic substrate; and 

5 at least restricting movraient of the second electrolyte toward the first 

6 electrode. \^ 

1 29. A method for forming a planarizing medium, comprising: 

2 forming a planarizing pad body having a planarizing surface to engage a 

3 surface of a microelectronic substrate; 

4 disposing a first eleWode at least adjacent to the planarizing pad body and 

5 spaced apart from the planarizing surface with the first electrode coupleable to a source of 

6 varying current; yX'^ / 

7 disposing a second el^tromjat leagt adjacent to the planarizing pad body with 

8 the second electrode spaced apart frarffme^Hm electrode; and 

9 disposing a dielectric materi^between the first and second electrodes. 

1 30. The method of claim 29, mrther comprising selecting the first electrode 

2 to include a carbonaceous material. \ 

1 31. The method of claim 29, furtherscomprising fixedly disposing a plurality 

2 of abrasive elements in the planarizing pad body at leakt proximate to the planarizing surface. 
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0 1 32. The method of claim 29, further comprising disposing a film between 

\ the planarizing surface and tne electrodes 

\ 

1 33. A method for removing an electrically conductive material fi^om a 

2 microelectronic substratel comprising: 

3 positioning a first conductive electrode proximate to the conductive material of 

4 the microelectronic substrate; 

5 positioning a second conductive electrode proximate to the conductive material 

6 of the microelectronic substrate and spaced apart fi'om the first conductive electrode; 

7 disposing a fiijst electrolyte adjacent to at least one of the first and second 

8 electrodes; \ 

9 disposing a second electrolyte different than the first electrolyte adjacent to the 
In 10 conductive material of the microelectronic substrate; 

11 at least restricting\motion of the second electrolyte toward the one electrode; 

; 12 and \ 

13 removing the conductive material firom the microelectronic substrate by passing 

i:g 14 a varying current through the first and second electrodes while the first and second electrodes 

J:^ 15 are spaced apart fi-om the conductive material of the microelectronic substrate. 

1 34. The method of clam 33 wherein at least restricting motion of the second 

2 electrolyte includes disposing a permeable membrane between the one electrode and the 

3 microelectronic substrate and passing theWst electrolyte through the membrane. 

1 35. The method of claim 33, fiirther comprising selecting the first 

2 electrolyte to include sodium chloride, potassium chloride, and/or or copper sulfate. 

1 36. The method of claim 33v fiirther comprising selecting the second 

2 electrolyte to include hydrochloric acid. \ 
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1 |C ^% A method for removing an electrically conductive material from a 

2 microelectronic substrate, comprising: 

3 positioning a first conductive electrode proximate to a first portion of the 

4 microelectronic substrate; 

5 positioning a second conductive electrode proximate to the first portion of 

6 microelectronic substrate and spaced apart from the first conductive electrode, the first and 

7 second electrodes defining an electrode pair; 

8 removing the conductive material from the first portion of the microelectronic 

9 substrate by passing a varying current through the first and second electrodes while the fu-st 

10 and second electrodes are spaced apart from the conductive material of the microelectronic 

11 substrate; 

12 moving at least one of the microelectronic substrate and the electrode pair 

13 relative to the other to align a second portion of the microelectronic substrate with the 

14 electrode pair; and 

15 removing the conductive material from the second portion of the 

16 microelectronic substrate by applying a varying current to at least one of the first and second 

17 electrodes while the first and second electrodes are spaced apart from the conductive material 

18 of the microelectronic substrate. 

1 \\^ The method of claim 3^7, fiirther comprising: 

2 directing a first flow of electrolyte only to the first portion of the 

3 microelectronic substrate when the electrode pair is proximate to the first potion; and 

4 directing a second flow of electrolyte only to the second portion of the 

5 microelectronic substrate when the electrode pair is proximate to the second potion. 

1 39. A method for x^v^yk^^wi electrically conductive material from a 

2 microelectronic substrate, comprismg: 

3 engaging a sii^e^^^i theonicraeleetfonic substrate with a planarizing medium; 

4 and 

5 rempVing at least a portion of the electrically conductive material from the 

6 microelectronic substrate by passing a varying electrical current through the microelectronic 
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7 substrate while engaging the surface of the microelectronic substrate with the planarizing 

8 medium. 
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1 40. The method o 

2 microelectronic substrate and the p 



claim 39, further comprising moving at least one of the 
anarizing medium relative to the other. 



4 1 . The method ofi claim 39, further comprising: 

spacing a first electro'de and a second electrode apart fi-om the microelectronic 
substrate and apart fi'om each other;! and 

coupling at leas^^oiie of the electrodes to a source of varying current to pass the 
current fi"om the one el^trode, ti^ugh an electrolyte adjacent to the microelectronic 
substrate and to the othej electrod^/ 

42. The method of claim 39 wherein removing the conductive material by 
applying a varying current includes roughening a surface of the conductive material to form a 
roughened region, further comprising smoothing the roughened region by moving at least one 
of the microelectronic substrate andjthe planarizing medium relative to the other. 



A method for removing an electrically conductive material from a 
microelectronic substrate, comprising: 

positioning a first conductive electrode at least proximate to a first portion of 
the microelectronic substrate; 

positioning a second conductive electrode at least proximate to the first portion 
of the microelectronic substrate and spaced apart from the first conductive electrode, the first 
and second electrodes defining a first electrode pair; 

positioning a second electrode pair at least proximate to a second portion of the 
microelectronic substrate, the second electrode pair including a third electrode and a fourth 
electrode spaced apart from the third electrode; and 

removing the conductive material from the microelectronic substrate by passing 
a first varying current through the first and second electrodes and passing a second varying 
current through the third and fourth electrodes. 
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1 44r The method of claiiiv43r, further comprising spacing the first and second 

2 electrodes apart from the microelectronic substrate while applying the first varying current. 

The method of claim^^46t^further comprising spacing the first electrode 

2 pair a first distance from a surface of the microelectronic substrate and spacing the second 

3 electrode pair a second distance from the surface of the microelectronic substrate with the 

4 first distance greater than the second distance. 



1 



1 



4a The method of claim ^^3;^further comprising: 



2 spacing the first and second electrode pair apart from each other by a first 

3 distance; 

4 spacing a third and fourth electrode pair apart from each other by a second 

5 distance greater than the first distance, with each of the third and fourth electrode pairs 

6 including two spaced apart electrodes; 

7 aligning the third electrode pair with a third portion of the microelectronic 

8 substrate and aligning the fourth electrode pair with a fourth portion of the microelectronic 

9 substrate; and 

10 removing the conductive material from the third and fourth portions of the 

11 microelectronic substrate by passing a third varying current through the third electrode pair 

12 and passing a fourth varying current through the fourth electrode pair. 

The method of claim ^ wherein the first varying current is 

2 approximately identical to the second varying current. 

1 The method of claim ^ wherein an amplitude of the first varying 

2 current is greater than an amplitude of the second varying current. 

1 49. An apparatus for remov^g cond^CSve material from a microelectronic 

2 substrate, comprising: y"^/^ 

3 a support member Having ^t-leasr'6ne engaging surface to support the 

4 microelectronic sub^ate; 
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5 a first electrode spaced apart firom the support member and from the 

6 microelectronic substrate when the microelectronic substrate is supported by the support 

7 member; and 

8 a second electrode spaced apart from the support member and from the 

9 microelectronic substrate when the microelectronic substrate is supported by the support 

10 member, the second electrode being spaced apart from the first electrode, at least one of the 

11 first and second electrodes being coupleable to a source of varying current. 

1 50. The appar^turofc^^4^r first and second electrodes define 

2 an electrode pair and at leas^^oe^iD^^ efectfode pair and the support member is movable 

3 relative to the other while ffie at least one of the first and second electrodes is coupled to the 
^ 3 4 source of varymg^current. 

11 1 51. The apparatus oY claim 49, further comprising an electrolyte vessel 



Li 2 configured to support a liquid electrolyte, and further wherein the support member is 
^ 3 positioned relative to the electrolyte vessel to support the microelectronic substrate within the 
4 vessel ^ 

52. The apparatusNpf claim 49, further comprising a dielectric layer at least 
proximate to the fu-st electrode, \ the dielectric layer being positioned between the 
microelectronic substrate and the fp:st electrode when the microelectronic substrate is 
supported by the support member. \ 



1 53. The apparatus of claim 49, further comprising the current source, the 

2 current source configured to vary an amplitude of the current at a first frequency, the current 

3 source including an amplitude modulator to sup>erimpose on the first frequency an amplitude 

4 and/or polarity variation having a second frequency less than the first frequency. 

1 54. The appararas of claim 49 wherein the microelectronic substrate has a 

2 planform shape, the first electrode iias a planform shape generally similar to a first portion of 

3 the planform shape of the microelecVonic substrate and the second electrode has a planform 
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4 shape generally similar to a second portion of the planform shape of the microelectronic 

5 substrate. 



r 



55. The apparatus of claim 49 wherein the first and second electrodes define 
a first electrode pair, and wherein the apparatus further comprises: 

a third electrode spaced apart fi^om tiie support member and fi-om the 
microelectronic substrate \when the microelectronic substrate is supported by the support 
member; and 

a fourth electrode spaced apart fi-om the support member and fi"om the 
microelectronic substrate whW the microelectronic substrate is supported by the support 

8 member, the fourth electrode being spaced apart firom the third electrode, at least one of the 

9 third and fourth electrodes being coupleable to a source of varying current. 



1 56. The apparatus, of claim 49, fiuther comprising the current source, and 

2 fiuther wherein the current source includes a single phase or a multi-phase altemating current 

3 supply, 

1 57. The apparatus of claim 49 wherein the microelectronic substrate has a 

2 surface facing toward the first and second electrodes, and fiuther wherein the first and 

3 second electrodes have a Combined surface area facing toward the surface of the 

4 microelectronic substrate tha| is approximately equal to the surface area of the 

5 microelectronic substrate. 



1 58. The apparatusyof claim 49 wherein the microelectronic substrate has a 

2 surface facing toward the first and second electrodes, and fiuther wherein the first and 

3 second electrodes have a combined surface area facing toward the surface of the 

4 microelectronic substrate that is lesa than the area of the surface of the microelectronic 

5 substrate, at least one of the microelectronic substrate and the electrodes being moveable 

6 relative to the other while an electrical current is applied to the at least one electrode. 



1 59. The apparatus of claim 49 wherein the first and second electrodes define 

2 an electrode pair, fiuther wherein at least one of the electrode pair and the support member is 

[ 10829-85 1 5/Applicatioadoc) -3 1 A 




3 moveable toward and away from the other to control a distance between the electrode pair 

4 and the microelectronic substrate when the microelectronic substrate is supported by the 

5 support member. 

\ 
\ 

1 60. The appara^s of claim 49 wherein at least one of the first electrode and 

2 the support member is movable rWative to the other and the first electrode includes a first 

3 surface portion and a second surface portion, the first and second surface portions facing the 

4 microelectronic substrate when theVnicroelectronic substrate is supported by the support 

5 member, the first portion being positioned fiirther from the microelectronic substrate than the 

6 second portion when a first region of the microelectronic substrate opposite the first portion 

7 has a slower velocity relative to the mst electrode than does a second region of the 

8 microelectronic substrate opposite the second portion of the first electrode. 



1 61. The apparatus of claim 49, further comprising a planarizing medium 

2 positioned proximate to the support member to engage the support member when the support 

3 member engages the niicroelectranic substrate. 

1 62. The app3mus)of claim 49,^fiirther comprising a liquid or gel electrolyte 

2 adjacent to the first electrone. \ 



49, fiirther comprising a conduit coupleable to a 
outlet aperture proximate to the first and second 



1 64. The apparatus of claim 49, fiuther comprising a sensor positioned at 

2 least proximate to the support member to detect a rate at which the conductive material is 

3 removed from the microelectronic substrate and/or an amount of conductive material 

4 remaining on the microelectronic substrate. 

1 65. The apparatus of oJaim 49, fiuther comprising: 

2 the ciurent source coupled to the at least one electrode; and 



1 63, The apparatus of clai, 

2 source of electrolyte, the conduit having 

3 electrodes. 
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3 a sensor positioned at least proximate to the support member to detect a rate at 

4 which the conductive material is removed from the microelectronic substrate and/or an 

5 amoimt of conductive material remaining on the microelectronic substrate, the sensor being 

6 coupled to the current source and/or at least one of the electrodes to control an electrical 

7 potential imparted to the microelectronic substrate when the microelectronic substrate is 

8 supported by the support member. 

1 66. An appaj[atus for removing a conductive material from a microelectronic 

2 substrate, comprising: 

3 a carrier having\at least one engaging surface to support a microelectronic 

4 substrate; 

13 5 a polishing pad pVoximate to the carrier and having a polishing surface to 

6 engage the microelectronic substi^ate, at least one of the polishing pad and the carrier being 

7 movable relative to the other; 

8 a first electrode^rSxiinate to the pohshing surface; and 

9 a second electcode proxim^f^^toj^ and spaced apart from the 

10 first electrode, at least one or^the-fii^t\and second electrodes being coupleable to a source of 

11 varying electrical current. 



1 67. The apparatus of clami 66 wherein the first and second electrodes define 

2 an electrode pair and at least one of the electrode pair and the carrier is movable relative to 

3 the other while the at least one of the first aujd second electrodes is coupled to the source of 

4 varying current. 

^ r> 68. The apparatus of claim 66, further comprising the current source, further 

wherein the current sourceXis configured to vary an amplitude of the current at a first 
i frequency, still further wherein the current source includes an amplitude modulator to 
^4 superimpose on the first frequency an amplitude and/or polarity variation having a second 

5 frequency less than the first frequenW. 
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1 69. The Mparatus of claim 66 wherein the first and second electrodes define 

2 a first electrode pair, and wnerein the apparatus fiirther comprises: 

3 a third electrode spaced apart firom the carrier and fi:'om the microelectronic 

4 substrate when the microelectronic substrate is supported by the carrier; and 

5 a fourth electrode, spaced apart from the carrier and from the microelectronic 

6 substrate when the microelectronic substrate is supported by the carrier, the fourth electrode 

7 being spaced apart from the thira\electrode, at least one of the third and fourth electrodes 

8 being coupleable to a source of varying current. 

1 70. The method of claim 66, fiirther comprising: 

2 the current source coupled to the at least one electrode; and 

3 a sensor positioned at least proximate to the support member to detect a rate at 

4 which the conductive material is removed from the microelectronic substrate and/or an 

5 amount of conductive material remaining on the microelectronic substrate, the sensor being 

6 coupled to the current soxirce and/or at least one of the electrodes to control an electrical 

7 potential imparted to the microelectronic substrate when the microelectronic substrate is 

8 supported by the carrier. \ 

1 71. An apparams for removing an electrically conductive material from a 

2 microelectronic substrate, composing: 

3 a support member naving an engaging surface to support the microelectronic 

4 substrate; \ 

5 a first conductive electrode spaced apart from the support member and spaced 

6 apart from the microelectronic substrate when the microelectronic substrate is supported by 

7 the support member; \ 

8 a second conductive electrode spaced apart from the support member and the 

9 first conductive electrode, at least one\of the first and second electrodes being coupleable to a 

10 source of varying current; and \ 

11 an electrolyte flow restrictor positioned between the support member and at 

12 least one of the conductive electrodes to at least restrict a flow of an electrolyte toward at 

13 least one of the first and second electrodes. 
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1 72. The apparatus of claim 7 1, further comprising: 

2 a first elect^^olyte adjacent to the microelectronic substrate and selected fi^om 

3 sodium chloride, potassium^hloride and copper sulfate; and 

4 a second electrolyte adjacent to at least one of the electrodes and selected to 

5 include hydrochloric acid/"'''\ \ 

1 73. ^Xie--dpp^^s of'^claim— 7 r wherein the flow restrictor includes a 

2 permeable membrane. \ 

1 74. An apparatus for removing an electrically conductive material from a 

2 microelectronic substrate, composing: 

3 a support membery having at least one engaging surface to support the 

4 microelectronic substrate; \ 

5 first and second coridiictive electrodes spaced apart from each other, spaced 

6 apart from the support member, andCspapbd apart Aom the microelectronic substrate when 

7 the microelectronic substrate is^'^pqr^b)^ member, at least one of the first and 

8 second electrodes being cou^eal)le toTa^ source of varying current, the first and second 

9 electrodes defining an electrode pair, at\least one of the support member and the electrode 

10 pair being movable relative to the other while the varying current is applied to the at least 

11 one of the first an second electrodes. \ 

1 75. The apparatus of claim 74, further comprising a conduit coupleable to a 

2 source of electrolyte and having an aperture\ positioned proximate to at least one of the 

3 electrodes, \ 

1 76T An apparatus for removing an electrically conductive material from a 

2 microelectronic substrate, comprising: 

3 a support member having at least one engaging surface to support the 

4 microelectronic substrate; 

5 first and second conductive electrodes spaced apart from each other and 

6 defining a first electrode pair, the first electrode pair being at least proximate to the 
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7 microelectronic substrate when the microelectronic substrate is supported by the support 

8 member, at least one of the first and second electrodes being coupleable to a source of 

9 varying current; and 

10 third and fourth conductive electrodes spaced apart from each other and 

11 defining a second electrode pair spaced apart from the first electrode pair, the second 

12 electrode pair being at least proximate to the microelectronic substrate when the 

13 microelectronic substrate is supported by the support member, at least one of the third and 

14 fourth electrodes being coupleable to a source of varying current. 

1 ^ The apparatus of claim To wherein the first and second electrodes are 

2 positioned to be spaced apart from the microelectronic substrate when the microelectronic 

3 substrate is supported by the support member. 



2U 



^^^T^^^^'^The apparatus of claim ^wherein the first electrode pair is positioned a 

2 first distance from a surface of the microelectronic substrate and the second electrode pair is 

3 positioned a second distance from the surface of the microelectronic substrate when the 

4 support member supports the microelectronic substrate, with the first distance greater than 

5 the second distance. 

1 The apparatus of claim 7^ further comprismg a third and fourth 

2 electrode pair, the third and fourth electrode pairs each including two spaced apart 

3 electrodes, the first and second electrode pair spaced apart from each other by a first distance 

4 and the third and fourth electrode pair spaced apart from each other by a second distance 

5 greater than the fu^st distance . 

1 yS. The apparatus of claim yS wherein an amplitude of varying current 

2 supplied to the first and second electrodes is different than an amplitude of varying current 

3 supplied to the third and fourth electrodes. 



C/ I f^. The apparatus of claim To 



1 ^ tp^. The apparatus of claim To wherein a frequency of varying current 

2 supplied to the first and second electrodes is higher than a frequency of varying current 

3 supplied to the third and foiuth electrodes. 
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